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Abstract 
              The Shilbaya  arabi  species ( Eutropius niloticus )  
were subjected to smoking and drying as means for 
preserving and processing fish for  certain target groups . 
  A comparison was made between the gross chemical 
composition and bacterial count of fish subjected to open-
air or shade-tent or steel oven (using Mesquite (Prosopis 
juliflora) as source of energy). The fish were divided into    
dried fresh, smoked dried/ salted and non-salted. 
   The storage time of the processed fish prior to infestation 
by Dermistids was found to be less than a month.                                           
The analysis of variance showed significant difference 
(P<0.05) in protein content of the fish subjected to different 
drying modes. However, no significant difference (P> 0.05) 
were detected in fat, moisture and ash. 
The bacterial count showed no significant differences 
(P>0.05) between the different treatments .The species of 
bacteria encountered according to their order of prevalence 
were Bacillus, Staphylococcus and Streptococcus.   
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CHAPTER ONE 
 
INTRODUCTION 
Shortage and deficiency in adequacy of food supplies that meet the 
requirements of an increasing world population are major problems which 
are likely to lead to malnutrition and bad health. This negative situation 
can be avoided through the provision of sufficient animal protein and 
from different sources among which is the protein from fish which ranks 
very highly among those not only fresh fish but also preserved fish are 
considered for feeding people near the water resources, and far away 
from these resources, respectively. The current world fish production 
amount to 116 million tons, almost 50 percent of total world landings are 
estimated to be from small-scale capture fisheries, and most of the 
production is used for direct human consumption (FAO, 1997). However, 
aquaculture production is estimated at 16million tons of fish which 
constitute 23% of food fish supplies (FAO, 1997). In the Arab world the 
fishery resources are estimated at eight million and seven hundred metric 
tons, but until now only five million tons were located, and economically 
four million and four hundred thousand tons are available for 
exploitation. Nevertheless only tow million tons are made use of at the 
percent (Arab organization for Agricultural Development 1996).The 
fisheries resources of the sudan form only 3.5% of total world estimates. 
They cover an overall area estimated at 100.000 km2 of land water and 
700 km2 of Red sea coast (Fisheries Departments, 1996). Medani (1972) 
showed that fish represent the only source of animal protein for many 
nilotic tribes in southern Sudan and that the characteristics of fish 
consumption pattern. In the Sudan are of relative high level of intake in 
southern Sudan and of generally low level in northern and western Sudan. 
  
 
Abu Gideiri (1973) stated that in the Sudan the importance of fish in 
the diet, seems to follow a markedly regional pattern. Handling and post- 
harvest treatment (PHT) of fish in Sudan shows a wide spectrum as 
regards the choice, consumption and ways of utilization. People consume 
fresh fish or presented in one away or another (salted, dried or smoked). 
More recently fishes themselves have been used for other purposes 
as feeds for other animals, e.g. fish meals for poultry, or fishes 
themselves or even remains of fish as fertilizers in agriculture (Abu 
Gidieri et al., 1999).  
 Of the most important fermented fish products in Sudan and from an 
economical point of view are Alestes fish or Hydrocyon fish, which 
served as fessiekh and tarkin and malluha.  
Kejeik is traditionally produced by Nilotic tribes, of the south from 
the Nile Suddswamps .Fish may be re-dried after smoking, depending on 
the moisture content (Abu Gidieri et al., 1999).   
 The research was carried out on Shilbaya arabi (Eutropius 
niloticus) which is a common name familiar to consumers and fisherman 
.The objectives which have been considered in the present work are:   
 (a) Carrying out a comparative study on the use of two types of drying 
(Shade-tent and open-air) of smoked fish using one type of oven 
(steel),and one type of wood (Mesquite),to conclude and 
recommend on better smoking of fish.  
(b)   Follow up the stored end product (smoked /non smoked dried 
fish), to determined quality and keeping time.  
 
 
 
 
 
  
 
CHAPTER TWO 
 
LITERATURE REVIEW 
 
It has already been mentioned in the introduction, that smoking and 
drying as means of preserving have a history that goes back to the 
beginning of the twentieth century. Since then ,developments have taken 
place in the various aspects including the choice of the appropriate fishes, 
traditional methods used, the ovens and kilns, the fuel wood used, types 
of dying (traditional and modern) and recent studies were targeted 
towards the preparation of well acceptable product and emphasis on the 
knowledge of the biochemical composition and nutritive value. 
2.1. Nutritional importance of fish:   
Fish is an excellent source very high biochemical value 
 (Geiger and Brogstrom, 1962). Fish provide several other nutrients 
such as vitamin A, E, B and K (Lunven, 1982). Fish are also considered 
as an important source of dietary minerals particularly sodium, 
potassium, phosphorus, calcium iron and iodine (Gavsert, 1962). Fresh 
water is almost devoid of iodine (Astwood, 1955). 
The preparation of fat content of the body of a fish, and consequently 
the corresponding amount of protein, are species dependant (Khalil, 
2003).  
Today even more people are turning to fish as a healthy alternative 
to red meat. Fish fat is characteristically high in poly–unsaturated fatty 
acids, making them important in diets for people requiring keeping low 
level of cholesterol in their blood (Huss, 1994; Clucas, 1981). 
The food value of a fish species is determined by the balance 
between the relative amounts of its main components protein, fat, 
moisture and minerals present in flesh (Khalil, 2003). 
  
 
Minerals ranges from different sources 
Minerals Flesh/ mg body weight 
Phosphate 100 - 400 mg (Love, 1960) 
Calcium 5 - 200 mg (Love, 1960) 
Iron 0.4 - 0.5 mg (Korana et al., 1950) 
Sodium 30 - 150 mg (Thuston, 1958) 
Potassium 250–300 mg (Thuston et al., 1958; Thuston et al., 1959) 
  
 2.2. Choice of fish: 
Not all fish are used in smoking, fatty fish are not good but non-
fatty are. It is generally accepted that personal preference of consumers 
may be prejudiced by colour, taste or less spines as previously described 
by Sandon (1951) that Characins (Hydrocyon), Citharinus, (Alestes) and 
Cyprinoids (lebeo) lose attractiveness by the great number of small bones 
that they contain (Abdullah, 2001). 
2.3. Smoked fish: 
In many tropical areas fish are smoked over open fires or in simple 
kilns in order to accelerate the drying process. There are two practices, 
cold smoking and hot smoking .Cold smoking requires a longer brining 
time, lower temperature(80-90 0F) and extended smoking time (1-5days 
or more of steady smoking ). Cold-smoking fish contain more salt and 
less moisture than hot-smoked fish. If the fish has been sufficient cured, it 
will keep in refrigerator for several months. Hot–smoking (also called 
barbecuing or kippering) requires brining a short time and smoking 
temperatures of 900 F for the first 2hours and 1500 F for an additional 4-8 
hours. Hot-smoked fish are moist, lightly salted, and fully cooked, but 
they will keep in refrigerator very delicious but it is difficult to transport 
to far distances, so it is marketed in cities, where there is a good and 
  
 
quick demand .Throughout the world many different types of fish are 
smoked by large variety of smoking methods (Clucas, 1981). The 
traditional smokers indicate some problems which are heating up of the 
product and even distribution of temperature although, smoking process 
is of great importance as curing method for preserving fish from spoilage, 
yet it may result in physical losses due to hyper– processing which leads 
in turn to financial losses (Zonnos and Zinou, 1991). 
2.4 Kilns and ovens: 
In Nigeria four types of smoking kilns are introduced. These are 
traditional smoking kilns (TSK), the Altana smoking kiln (ASK), the 
Watanable smoking kilns (WSK) and the Kainjids smoking kilns (KGSK) 
FAO, 1998). 
Cooker or smoker is an improved Ghanaian fish smoking oven to 
which is attached a store room, to allow for further storage function 
(FAO, 1998). Beside those there are simple ovens used elsewhere in other 
African countries such as Zambia (Clucas, 1976). 
In Malawi, Fish are smoked in smoke houses while in other regions 
ovens are constructed of day and left open to air (FAO, 1985). 
2.5. Chemistry of wood: 
Wood smoke is composed of millions of microscoped particles that 
rise like fog which is made up mostly of carbonated water, trace solids, 
vapor containing volatile oils, which are released from the wood and are 
of preservative quantities (Foster, 1962).  
Soft wood dust is sometimes added when smoking white fish to 
bring up color more rapidly. The relative qualities of individual 
constituents of wood smoke are highly different, and determined by 
contribution made by the individual chemical reactions to the overall 
process. These reactions are in turn controlled by conditions of smoke 
production (Foster, 1962). 
  
 
2.6. Drying Practice: 
Drying which implies the removal of moisture from the flesh has 
been widely practised in many African countries including the Sudan. 
Dried fish is of importance in supplementation the diet of labors in 
agriculture scheme in Central, Eastern and Western Sudan. Dry fish 
“Kajake” was produced in the past mainly from the “Sudd” region, and 
marketed to cango, central Africa (export trade) and to rain-fed 
agricultural schemes (local trade). Now adays kajake production is 
concentrated at the White Nile of Kosti, Blue Nile and Dinder river .On 
the other hand wet-salted fish is preferred to other Post- harvest 
treatments by Nubians ( Karrar, 1997). The international trade in dried 
and salted fish was considerable in Mediterranean and the middle East, 
several countries before the beginning of Christian (FAO, 1976). Various 
traditional and modern sources of energy have been tried inorder to cut 
down the spoilage rate caused by bacteria. Today there are good 
improvements being introduced to serve in both short term and long term 
storage for the benefit of the consumers. These improvements have taken 
into account the enzymatic action, the environmental hazards and 
defective storage conditions. It is now possible to control trade of dried 
products both at domestic level and across the borders to neighboring 
countries. 
Many researchers have contributed to these developments. Of those 
are (Babiker, (1999); Cuting, (1962); Moen, (1983); FAO, (1981); Clucas 
and Stutcliffe, (1981); Waterman, (1976); Shewan, (1961), (1977); 
Essuman, (1992) and Gerasimov and Antonva, (1979). 
 
 
  
 
CHAPTER THREE 
 
MATERIAL AND METHODS 
3.1. Material: 
3.1.1. Source of fish: 
 Forty eight kg of fresh Shilbaya arabi ( Eutropius niloticus ) were 
purchased from Elmawarda Fish Market, Omdurman. These were brought 
to the fish Research Centre, Elshagra for the experimental work. These 
fish were in the range of 20 – 35 cm in length and 75 – 100 gm in weight. 
3.1.2. Pre-experiment treatment: 
 Fishes were thoroughly washed with tap water and weighed, then 
gutted using noncorrosive clean knives and washed with tap water to 
remove all traces of viscera and blood and then reweighed to determine 
loss in fish( plate 3.1) .Some of the materials were left for smoking in 
steel smoker (Plate 3.2). The fish were immersed into a salt solution 
(concentration 10%– 100g of NaCl in 1 liter of water) (the smoked salted 
samples).  
 The material prepared were introduced into steel oven whose fuel 
was composed of Prosopis juliflora local (Mesquite) at rate of 3.2 kg and 
kept at an average temperature of 42oC throughout the period of exposure 
for continuous two hours. 
 For this purpose we used:  
a) The steel smoker consisted of two parts: 
 i. The smoking chamber with dimension of 86 x 87 x 93 cm. 
ii.The chimney of two parts, the marginal part of 75 cm, height of 80 
cm and diameter of 25 of cm.  
b) The dryers types: 
 i.  The open-air of 255 x 143 cm dimension. 
  
 
ii. The shade-tent of 453 x 350 x 1873 cm and the layers with 
dimensions of 360 x 180 cm Plate (3.4). 
c) For the packing we use a carton with dimension of 440 x 290 cm 
3.2. Smoking steps: 
The material was divided into three samples. One sample was non-
smoked (fresh), the other two samples smoked salted and smoke non-
salted which were obtained by exposed to the smoke of known weight 
(3.2kg) Prosopis juliflora (Mesquite) for given period of time (two 
hours). The smoked salted/no salted and the non smoked (fresh) same 
were takes for the analysis (as three types of sample). The three types of 
the fishes, for the drying process on the open-air and the shade-tent, were 
divided equally then the samples were followed until their weight become 
consistent (as six type of sample). 
  
 
3.2.2. Biochemical analysis: 
At a later stage the powder of wet smoked, non-smoked fish (fresh), 
and dried one were subjected to gross biochemical analysis for moisture, 
ash, protein and fat. The following analyses were carried out on the 
minced mixture. 
3.2.2.1. Moisture content: 
 The moisture content was determined according to the method of 
AOAC (1984). Two grams of well mixed ground sample were accurately 
weighed in an uncovered clean, dry dish of known weight. It was then 
heated in an oven provided with a fan at 125oC for 4 hours. The dish was 
then covered and transferred to a desicater. After cooling at room 
temperature, it was weighed again. The loss of weight was calculated as a 
percentage from the sample weight and expressed as % moisture content. 
W1 – W2 
Moisture content (%) = 
W1 
X 100 
 
 W1= Weight of sample + crucible before oven drying 
 W2= Weight of sample + crucible after oven drying 
 
3.2.2.2. Ash content: 
The method described by AOAC (1984) was used. Two grams of the 
sample were accurately weighed into a weighed porcelain dish, and dried 
at 100oC for 3 – 4 hours using drying oven. The dish and content were 
then transferred to a muffle furnace and ignited at 500 – 600oC and let to 
stay overnight or until free from carbon (residue appears grayish white). 
The dish and content were then removed and placed into a desicater. 
After cooling, it was weighed and the results were calculated and 
expressed as below: 
  
 
(B – C) 
Ash content (%) = 
A 
X 100 
Where: 
 A = Sample weight (g) 
 B = Weight of dish and ash content (g) 
 C = Weight of empty dish (g) 
3.2.2.3. Crude protein: 
The nitrogen content was determined by the microkjeldhal method as 
described by Pearson (1981). 
3.2.2.3.1. Digestion procedure: 
 About 0.5 g of sample was transferred into kjeldahl digestion flask. 
The Sample was neutralized with 10ml of concentrated sulphuric acid and 
one tablet of the catalyst (potassium sulphate and mercuric oxides) was 
added per digestion. The flask was heated moderately initially in a fume 
hood and shaken from time to time until the mass was carbonized and the 
frothy had disappeared. The heat applied was then increased and the 
liquid was brought to a steady boiling. When the solution appeared clear 
the boiling was continued for further one hour and then the solution was 
allowed to cool and rapidly 5 ml of water were added. The digested 
sample was transferred too 250 ml volumetric flask. 
3.2.2.3.2. Distillation procedure:  
Reagents: 
a) Bromocresol green –methyl red (0. 4 g) and methyl red (0.15 g) 
were dissolved together as an indicator. 
ii) Sodium hydroxide solution 20ml (33%). 
iii) Hydrochloric acid solution 0.1 N aqueous solution  
iv) 50 ml of 2% Boric acid.  
 
 
  
 
Procedure: 
Aliquot of the digested sample was transferred to the Markham 
distillation unit. 20 ml of 33% sodium hydroxide were added to make the 
solution strongly alkaline, the funnel was then washed with few mls of 
distilled water and the steam generator turned on. The ammonia was 
collected in a 100 ml conical flask containing 50ml of 2% Boric acid and 
four drops of mixed indicators .After three minutes the distillation was 
stopped. 
3.2.3.3. Titration procedure: 
The solution was titrated against 0.1N HCl  
The total crude protein was calculated from the equation below 
T x 0.0014 x 100 
C. N%= 
W.S 
T x 0.14 x 6.25 
C. P%= 
W.S 
Where: 
   T   = Volume of sample titrate 
   W.S = Weight of the sample 
   6.25 = Protein factor to convert nitrogen to crude or generalized protein. 
   14 = Equivalent weight of nitrogen 
  1000 = Number of milligrams in one gram        
3.2.2.4. Fat: 
 The total oil content of the sample was determined according to 
AOAC (1984). Two grams of the ground sample were accurately weighed 
in an empty thimble and was then plugged with a piece of cotton, the 
solvent, petroleum ether B.P. (40 – 60oC) was poured into a pre-weighed 
round bottomed 150 ml flask (up to 2/3 of the flask volume). The soxhlet 
apparatus was then assembled and the sample was extracted for 4 hours 
using a steam bath. After carefully dismantling the apparatus, the solvent 
  
 
was evaporated to dryness using a rotatory evaporator. The oil content 
was calculated according to the equation below:  
Weight of the oil extracted in gm X 100 
Oil content (%)  
W.S 
3.2.2.1. Collection of samples: 
 A total of 27 samples were collected as fresh, wet smoked 
salted/non-salted, dried non-smoked (fresh) and dried salted/non-salted 
from the triple experiments. The samples were transferred immediately to 
the laboratory as freezed sample. 
3.2.3.2. Microbiological methods: 
 The viable counts were preformed by miles and misra (1938) 
method and cultured on nutrient agar (NA). Incubated for 24 hours and 
the counts were recorded. Representative colonies were purified 
examined microscopically and biochemically. 
Microscopic examination: 
 Smears were prepared from each purified colony and stained by 
Gram stained examined microscopically. 
3.2.3.3. Biochemical methods: 
3.2.3.3.1. Catalase test: 
  A drop of 3% aqueous solution of hydrogen peroxide was placed 
on a clean slide, a loop full of pure culture was added, production of gas 
bubbles indicates positive result . 
3.2.3.3.2. Oxidation/fermentation test: 
Duplicate tubes of Hugh and leifson's medium were inoculated with 
a straight wire. In to of the test tubes, a layer of melted paraffin oil was 
added to create anaerobic environment. The unclear tubes were incubated 
at 37oC and examined daily seven days. The development of a yellow in 
  
 
the tube covered with paraffin oil indicated fermentation and in opened 
tube indicates oxidation. 
3.2.3.3.3. Oxidase test: 
 Strips of filter paper were soaked in 1% aqueous solution of 
tetramethyl phenylene-p-phenylene diamine hydrochloride and dried in 
hot air oven, placed on a clean plate. With a glass rod a colony of fresh 
culture of the test organisms were picked and rubbed on the surface of the 
paper. Production of purple color within 5 – 10 seconds indicates oxidase 
positive.  
3.2.3.3.4. Urease test; 
 A urea agar slant were streaked with the test cultures and then 
incubated at 37oC for 24 – 48 hr. Development of pink color indicates 
NH3 production, negative tests were left for a week before taking the final 
result. 
3.2.3.3.5. Glucose test: 
 The concentration of sugar in the test tube with Andrade's indicator 
was in 1% peptone water. The peptone water sugar was incubated at 37oC 
for 24 hr examined daily for several days. Appearance of reddish color 
indicates acid production, while empty space in the inverted Durham's 
tube indicates gas production. 
3.2.3.3.6. Nitrate reduction test: 
 Nitrate broth (Collee et al., 1996) was inoculated and incubated at 
37oC for 24 hour, 1 ml of reagent A (5 g of α naphthylamine in one litre 
of 5 N acetic acid) and 1 ml of reagent B( 9g of sulfaniic acid in one lire 
of 5 N acetic acid) were revealed and l litre for 30 seconds. Development 
of a red color indicates reduction of nitrate to nitrite (Table 4.8). 
 
 
 
  
 
3.2.3.3.7. Arginine hydrolysis: 
  Arginine broth medium was prepared from the ingredients 
(Appendix 2) and distributed in 10 ml aliquots in test tubes and sterilized 
by autoclaving. The sterilized media were inoculated with the isolates 
under investigation and incubated at 28oC for two days. Nessler's reagent 
was added and the result was recorded .Appeared of brown colour was 
regarded as a positive (Collee et al., 1996). 
3.2.3.4 Bacterial counts: 
The nutrient agar plates (Baker and Breach,1980) are dried in the 
incubator on the tilted position for 2 hours and divided with a graze 
pencil into 8 segments, labeled with the respective dilutions. Using a 
dropping pipette, 9 ml of normal saline were added to each of 8 sterile 
tubes plus 1 ml of the inoculums (prepared by dissolving 1g of a sample 
in 10ml of normal saline) mixed and 0.02 µl was added to each segment 
labeled from the diluted culture suspension (up to -10-9) plates were 
inoculated and incubated at 37oC for 24 hours. The colonies appearing on 
each segment were counted, the average from 3 plates for each segment 
(dilution) were taken for enumerating the total viable count. 
3.2.4. Statistical analysis: 
For comparisons between the means of biochemical constituents 
(protein, moisture, fat and ash) and bacterial count, completely 
randomized design and t-test were used. 
3.2.5 The percentage of wet weight loss of the dried smoke and non-
smoked samples during the post-treatment should be calculated 
by means of the following equation: 
  
 
 
W0 – W1 
%=  
W0 
X 100 
3.2.6. The Nitrogen -free extract (NFE) was calculated by subtraction 
as follows:  
 % NFE = 100 – (% Dry matter (D.M.) or Moisture + % Protein + 
% Fat + % A. 
 
  
 
 
 
Plate (3.1): Prepared sample for smoking
  
 
 
  
  
  
  
  
  
  
Plate (3.2):  Steel oven and samples during the 
process.
  
  
  
 
Plate (3.3): Smoked fish
  
  
  
Plate (3.4): The shade-tent
  
 
CHAPTER FOUR 
 
RESULTS 
 
 The comparative study has been focused on ovens used ,salting and 
non- salting material and location of exposure of material in open air or 
shade. Beside this chemical composition of flesh of and the changes in 
the nutritive values been investigated, as will be seen in the following. 
4.1.1. The gross chemical composition of fresh material (non-
treated): 
 The main gross chemical composition of the fresh material prior to 
treatments is summarized in Table (4.1).  
4.1.2. The gross chemical composition of treated material (steel oven 
versus salted & non-salted):- 
To asses the impact of salting (10%) and smoking(2hours) the 
samples were grouped into smoked salted /smoked non salted/non 
smoked and their gross chemical composition in the summary Table 
(4.2). The statistical analysis showed no significant difference at fat, 
moisture and ash levels (P> 0.05) Table (4.13). Except protein level have 
significant difference (P< 0.05) at non salted smoked fish. 
4.1.3. The gross chemical composition of dried (smoked 
salted/smoked non salted/ non smoked) fish:- 
 In this series of experiments the fish both smoked (salted/non 
salted) and non smoked were placed under the shade and open air to dry 
up in normal temperature their chemical composition at summary Table 
(4.3). The statistical analysis for levels of fat, moisture and ash showed 
no significant difference (P> 0.05 ).Except protein level have significant 
  
 
difference (P< 0.05 )at the shade non smoked fish Tables (4.8), (4.8a), 
(4.9), (4.9a), (4.10), (4.10a), (4.11),(4.11a) &(4.12). 
4.2. Microbiological analysis:- 
   Tables (4.5), (4.6) & (4.7) indicate the type of bacteria isolated the 
bacterial viable count and the biochemical testes. The bacterial viable 
counts showed that there is no significant  difference between treated and 
non treated samples( P> 0.05 )Tables(4.14),( 4.14a)&( 4.15).   
4.3. The relation between all dried samples of the shade tent and 
open air in weight losses is expressed in the following Tables 
(4.16) to (4.21) and Figs (4.1) to (4.6). 
4.4 The percentage of wet weight losses ( Fig4.7&Table4.22: 
The non smoked fish in both open air and shade lost more than half 
of their weight water .However; in both cases the percentage of water lost 
increase with time. 
 Smoked non salted fish in open air and shade lost about 60 percent 
of their weight water, when kept for 48hr treatment. Water lost in both 
cases did not vary significantly when dried at varying periods of time.  
 The smoked salted fish dried in shade significantly lost more water 
compared to those kept in open air. The Table (4.21) also shows more 
water was lost when salted fishes were dried in shade tent 
4.5. The packing and storage: 
Because, the samples were well sealed, it is probable that the adult 
Dermistids laid their eggs as both larvae and adults were found one 
month after packing and storage .The nonsmoked &nonsalted stored fish 
samples were more attacked than the salted stored samples 
 
 
  
 
Table (4.1): The percentage of the major components of fresh 
meat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
Nutritive value Percentage 
Protein 33.47 
Fat 8.27 
Moisture 70.59 
Ash 4.43 
  
 
Table (4.2): The gross chemical composition of the major 
components of wet /salted and non-salted fish smoked 
in steel oven. 
 
Type  of  samples 
Nutritive value 
Esalted % Non salted % 
Protein 29.40 31.60 
Fat 7.57 7.53 
Moisture 70.91 67.60 
Ash 5.19 6.04 
 
  
 
Table (4.3): The gross chemical composition of dried/ smoked 
non- salted, smoked salted & non-smoked fish in the open -air 
dryer. 
 
 
Type of  samples 
Type of 
dryer 
Nutritive 
value Smoked non 
salted % 
Smoked 
salted (%) 
Non-smoke 
(fresh) (%) 
Protein 22.83 21.93 24.30 
Fat 5.90 5.40 6.00 
Moisture 6.06 5.16 4.82 
Open air 
Ash 3.60 3.83 3.70 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table (4.4): The gross chemical composition of dried/ smoked 
non-salted, smoked salted & non-smoked fish in the shade-tent 
dryer. 
 
 
Type of samples 
Type of 
dryer 
Nutritive 
value Smoked non 
salted % 
Smoked 
salted (%) 
Non-smoke 
(fresh) (%) 
Protein 23.53  20.66 24.87 
Fat 6.00 5.47 6.23 
Moisture 5.41 5.98 6.63 
Shade 
tent 
Ash 3.77 3.80 4.03 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table (4.5): The type of bacteria isolated from treated and non-
treated samples. 
 
Type of bacteria 
Type of samples 
Expt. (1) Expt. (2) Expt. (3) 
Bacillus spp. Staphy spp. Staph. Spp. 
Wet salted smoked fish 
Staph spp.  Strepto. 
Wet non-salted smoked fish Bacillus spp. Staph. Bacillus Staph. 
Wet non-smoked fish (fresh) Staph. Bacillus Staph. Staph. 
Dried salted smoked (open) Staph. Staph. Bacillus Staph. 
Dried non-salted smoked (open) Staph. Staph. Staph. 
Dried non-smoked (fresh) (open) Staph. Bacillus Staph. Staph. 
Dried salted smoked (shade) Staph. Bacillus. Staph. Staph. 
Dried non-salted smoked (shade) Staph. Bacillus. Staph. Staph. 
Dried non-smoked fresh (shade) Staph. Bacillus. Staph. Staph. 
 
 
 
 
 
 
 
 
 
  
 
Table (4.6): The bacteria viable count from treated and nontreated 
fish samples. 
 
Bacterial count forming unit (C.F.U.) 
Type of samples 
Experiment 
(1) 
Experiment 
(2) 
Experiment 
(3) 
Wet salted smoked fish 5.39 5.36 5.26 
Wet non-salted smoke fish 5.63 4.26 5.58 
Wet non-smoke fish (fresh) 5.45 5.41 5.36 
Dried salted smoked (open) 4.48 5.40 5.30 
Dried non-salted smoked (open) 5.46 5.78 5.65 
Dried non-smoked (fresh) (open) 5.54 5.81 6.30 
Dried salted smoked (shade) 5.54 5.26 6.11 
Dried non-salted smoked (shade) 5.40 5.58 5.48 
Dried non-smoked fresh (shade) 5.41 4.78 4.18 
 
 
 
 
 
 
 
  
 
Table (4.7): Biochemical tests carried for certain isolated microorganisms from wet and dried smoked fish 
 
Genous of 
bacteria 
Gram shape Catalase Oxidase Glucose O.F. Motility Spores Nitrate Agrinine 
Staph G+Ve cocci + - + F - - + + 
Strep. G+Ve cocci - - + F - - + + 
Bacillus G+Ve rod + + + F + + + - 
 
 
 Table (4.8): The effect of the two types of drying on protein content 
of smoked and non-smoked fish. 
 
Replication 
Treatments 
1 2 3 
Total Mean 
±0.68 
Duncku
-n test 
at 5% 
Open- air smoked salted 21.60 22.20 22.00 65.80 21.93 a b c 
Open- air smoked non-salted 22.30 23.20 23.00 68.50 22.83 bc 
Open- air non-smoked 23.50 24.40 25.00 72.90 24.30 cd 
Shade-tent smoked non-salted 21.19 20.80 20.00 61.99 20.66 a 
Shade-tent smoked non salted 23.69 22.90 24.00 70.59 23.53 b cd 
Shade-tent non-smoked 26.40 23.20 25.00 74.06 24.87 d 
 414.38   
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ANOVA 
Table (4.8a) 
 
F. tab Source of 
Variation 
Degree of 
Freedom 
Sum of 
squares 
Mean of 
squares 
F-cal 
=ms1/ms2 5% 1% 
Total 17 44.53 2.62    
Treatment 5 36.23 2.25    
Exp. Error 12 8.3 0.69 10.51** 3.11 5.06 
**significant different (P< 0.05)  
Standard error =0.68 
Least significant different (LSD) =1.7 
Mean separation: 
20.66   a 
21.93    a  b 
22.83        b  c 
23.53        b   c  d 
24.30             c  d 
24.87                 d 
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Table (4.9): The effect of the two types of drying on fat content of smoked  
                     and non-smoked fish. 
Replication 
Treatments 
1 2 3 
Total 
Mean 
±0.36 
Open- air smoked salted 5.90 5.00 5.30 16.20 5.40 
Open- air smoked non-salted 6.40 5.50 5.80 17.70 5.90 
Open -air non-smoked 6.70 5.50 5.80 18.00 6.00 
Shade-tent smoked non-salted 5.80 5.00 5.60 16.40 5.47 
Shade-tent smoked non salted 6.20 5.80 6.00 18.00 6.00 
Shade-tent non-smoked 6.60 5.80 6.30 18.70 6.23 
 105  
ANOVA 
Table (4.9a) 
F. tab Source of 
Variation 
Degree of 
Freedom 
Sum of 
squares 
Mean of 
squares 
F-cal 
= m s1/ms2 5% 1% 
Total 17 4.00 0.24    
Treatment 5 1.63 0.33    
Exp. Error 12 2.37 0.20 1.65NS 3.11 5.06 
N.S.= Not significant different (P> 0.05) 
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Table (4.10): The effect of the two types of drying on moisture 
content of smoked and non-smoked fish. 
Replication 
Treatments 
1 2 3 
Total 
Mean 
±1.60 
Open -air smoked salted 4.00 7.00 4.48 15.48 5.16 
Open -air smoked non-salted 5.47 6.16 6.44 18.07 6.02 
Open -air non-smoked 5.00 5.15 4.31 14.46 4.82 
Shade-tent smoked non-salted 4.50 4.00 9.45 17.95 5.98 
Shade-tent smoked non salted 4.50 4.48 7.25 16.23 5.41 
Shade-tent non-smoked 4.50 5.50 9.90 19.90 6.63 
 102.09  
ANOVA 
Table (4.10a) 
 
F. tab Source of 
Variation 
Degree of 
Freedom 
Sum of 
squares 
Mean of 
squares 
F-cal 
=ms1/ms2 5% 1% 
Total 17 52.44 0.24    
Treatment 5 6.60 1.32    
Exp. error 12 45.84 3.82 0.35NS 3.11 5.00 
N.S.= Not significant different (P> 0.05) 
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Table (4.11): The effect of the two types of drying on ash content 
of smoked and non-smoked fish. 
Replication 
Treatments 
1 2 3 
Total 
Mean 
±0.32 
Open -air smoked salted 3.50 4.00 4.00 11.50 3.83 
Open- air smoked non-salted 3.80 3.50 3.70 11.00 3.60 
Open- air non-smoked 3.30 4.00 3.80 11.10 3.70 
Shade-tent smoked non-salted 3.30 4.00 4.10 11.40 3.80 
Shade-tent smoked non salted 3.60 4.10 3.60 11.30 3.77 
Shade-tent non-smoked 3.50 4.70 3.90 12.10 4.03 
 68.40  
ANOVA 
Table (4.11a) 
F. tab Source of 
Variation 
Degree of 
Freedom 
Sum of 
squares 
Mean of 
squares 
F-cal 
=ms1/ms2 5% 1% 
Total 17 2.02 0.12    
Treatment 5 0.25 0.05    
Exp. Error 12 1.77 0.15 0.33NS 3.11 5.06 
N.S.= Not significant different (P> 0.05) 
  38 
Table (4.12): Comparison of mean X ± SD on different (Protein, fat, 
ash and moisture) content of dried smoked fish. 
 
Type Protein Fat Moisture Ash 
Open -air smoked salted 21.93±0.43 5.40±0.65 5.16±2.28 3.38±0.41 
Open -air smoked non-salted 22.83±0.67 5.90±0.65 6.02±0.71 3.60±0.24 
Open -air non-smoked 24.30±1.07 6.00±0.88 4.82±0.63 3.70±0.16 
Shade-tent smoked non-salted 20.66±0.86 5.47±0.60 5.98±4.26 3.80±0.62 
Shade-tent smoked non salted 23.53±0.80 6.00±0.57 5.41±2.25 3.77±0.41 
Shade-tent non-smoked 24.87±2.27 6.23±0.57 6.63±4.06 4.03±0.86 
 
 
 
Table (4.13): Comparison of mean X ± SD on different (Protein, fat,  
ash and moisture) content of wet smoked fish. 
 
Type Protein Fat Moisture Ash 
Steel oven salted 29.40±1.10 7.57±0.20 5.19±1.33 70.91±4.62 
Steel oven non-salted 31.60±0.73 7.53±0.36 6.04±2.92 67.60±9.51 
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Table (4.14): The effect of the two types of drying on bacterial count of 
smoked and non-smoked fish. 
Replication 
Treatments 
1 2 3 
Total 
Mean 
±0.04 
Open air smoked salted 5.54 5.20 6.11 16.91 5.64 
Open air smoked non-salted 4.40 5.58 5.48 15.46 5.49 
Open air non-smoked 5.41 4.78 4.18 14.37 4.79 
Shade-tent smoked non-salted 4.41 5.40 5.30 15.18 3.06 
Shade-tent smoked non salted 5.46 5.78 5.65 16.89 5.63 
Shade-tent non-smoked 5.54 5.81 6.30 17.65 5.88 
 96.46  
ANOVA 
Table (4.14a) 
F. tab Source of 
variation 
Degree of 
Freedom 
Sum of 
squares 
Mean of 
squares 
F-cal 
= m s1/ms2 5% 1% 
Total 17 5.49 0.32    
Treatment 5 2.64 0.53    
Exp. error 12 2.85 0.24 2.21NS 3.11 5.06 
N.S. = Not significant different (P> 0.05).  
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Table (4.15): Comparison of mean X  ± SD on bacterial counts of the  
                     treated and non treated fish  
  
Type SDX ±  
wet salted smoked 5.39 ± 0.20 
wet non salted smoked 5.16 ± 1.48 
wet non  smoked(fresh) 5.41 ±0.37 
open-air dried smoked salted 5.64 ± 0.61 
open- air dried smoked nonsalted 5.49 ± 1.09 
open- air dried non smoked 4.76 ± 0.86 
shade- tent dried smoked salted 5.06 ± 0.51 
shade- tent dried smoked nonsalted 5.63 ±  0.23 
shade- tent dried non smoked 5.88 ± 0.54 
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Table (4. 16): The relation between time and loss in weight of the  
                        open- air smoked salted dried fish. 
 
 
Time (hours) Weight(gram) 
0 1583.33 
48 883.33 
96 673.33 
144 666.66 
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Fig (4.1): The relation between time and loss in weight of the  
                open-air smoked salted dried fish. 
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Table (4.17): The relation between time and loss in weight of  
                       open-air non -salted smoked dried fish. 
 
  
Time (hours) weight(gram) 
0 1516.66 
48 700 
96 616.66 
144 616.66 
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Fig (4.2): The relation between time and loss in weight of open- air 
                 non -salted smoked dried fish . 
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Table (4.18): The relation between time and loss in weight of 
                      open- air non-smoked dried fish    
 
 
 
 
Time (hours) Weight (gram) 
0 2250 
48 1083.33 
96 650 
144 616.66 
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Fig. (4.3): The relation between time and loss in weight of                   
open-air non-smoked dried fish. 
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Table (4.19): The relation between time and loss in weight of  
                      shade -tent salted smoked dried fish. 
 
 
Time (hours) Weight(gram) 
0 1823.33 
48 893.33 
96 716.66 
144 683.33 
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Fig. (4.4): The relation between time and loss in weight of shade -tent  
                salted smoked dried fish. 
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Table (4.20): The relation between time and loss in weight of shade-  
                     tent smoked non salted dried fish. 
 
 
 
Time (hours) Weight(gram) 
0 1940 
48 856.66 
96 633.33 
144 600 
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Fig (4.5): The relation between time and loss in weight of shade-tent  
               smoked non -salted dried fish. 
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Table (4.21): The relation between time and loss in weight of shade – 
                     tent non- smoked dried fish. 
 
 
 
Time (hours) Weight(gram) 
0 2250 
48 1000 
96 683.33 
144 650 
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Fig (4.6): The relation between time and loss in weight of shade -tent  
               salted smoked dried fish.    
  38 
0
10
20
30
40
50
60
70
80
W
ET
 
W
EI
G
H
T 
(%
)
O
SS
O
SN
S
O
N
S
SH
SS
SH
SN
S
SH
N
S
TREATMENTS
T1(144) T2 (96) T3 (48)
 
Fig (4.7): The percentage of wet weight losses during the post–  
               treatments in a fixed time. 
 
  Time in Hours 
Treatments T1(144) T2 (96) T3 (48) 
open air smoked salted OSS 57.89 57.47 44.21 
open air smoked nonsalted OSNS 53.85 59.34 59.34 
open air nonsmoked ONS 72.59 71.11 51.85 
shade tent smoked salted SHSS 51 60.07 62.52 
shade tent smoked nonsalted SHSNS 55.84 67.35 69.07 
shade tent nonsmoked  SHNS 71.11 69.63 55.55 
 
Table (4.23): The percentage of wet weight losses during the post –  
                    treatments in a fixed time 
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CHAPTER FIVE` 
DISCUSSION 
 
 The selected fish species for the study were schilbya arabi 
(Eutropius niloticus). In view of its high preference by consumer. 
 The result of investigation on schilbe spp indicated that the gross 
chemical composition resulting from shad tent and open air of dried 
smoked /non smoked fish, showed that no significant difference (p> 0.05) 
in their moisture, fat and ash. But protein levels showed a significant 
difference (p < 0.05) between the treatments and this may be due the 
species used or the methods used in drying (shad tent-open air) as 
happened by sun drying or smoking or used high concentration of salt 
(10%).  
(Ali et al, 1996) who found no significant difference in the gross 
chemical composition of Tilapia spp dried on open air. 
(Addam, 2002) also has the same results in the chemical composition of 
Eutropius niloticus smoked (steel/brick) dried on shad tent. 
(Mohammed, 1999) and (Nequaye-Tetteh, 1991) they studied traditional 
processing and chemical composition of salted sun- dried of Tilapia spp 
and Balistes spp respectively they found a significant difference in the 
gross chemical composition. 
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The smoking process (2hours) and salting (10%) were enough to reduce 
the moisture content of salted and non salted fish (70%&67%) when they 
were compared to the fresh fish (70.59%). 
 When the smoking combined with the drying (open- air /shade- tent), the 
gross chemical composition of fat ,protein and ash content showed 
concentration and the moisture content become at low levels. 
Also, the present work showed no significant difference (p> 0.05) 
between samples tests (wet/dried) for bacterial counts. Smoking did not 
affect to the (APC) aerobic plat count in all samples investigated. 
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CHAPTER SIX 
  
CONCLUSIONS 
 This study has led to the following conclusions: 
1. The fish Schilbe spp. Can be offered to consumers in a smoked 
form.  
  2. The nutritive value of the biochemical composition is maintained 
throughout the duration of the experiment. 
3. The use of both salted of non-salted fish for smoking in steel oven 
is well taken as comparable results, its recommended for obtained 
high protein, ash and less moisture content for the non-salted fish. 
4. The results obtained for both salted and non-salted are comparable 
and either can be adopted. 
5. The steel oven is a good for high protein, ash and less moisture 
content of the non-salted wet smoked fish Tables (4.2 and 4.3). 
6. Also the shade-tent recommended for high protein and fat levels in 
both of non-salted dried smoked fish Tables (4.4b and 4.5b).  
7. The open air is regarded as a good dryer of non-smoked fish when 
it is compared with the shade-tent Tables (4.4 and 4.5). 
8. Prosopis juliflora is acceptable as a source of energy as it well as 
for good flavors and colour. 
9. The solar dryer is recommended for protection against attack by 
insects (Essuman, 1992). 
10. The salted /non salted smoked fish in the shade tent recommended 
increase of wet weight losses during the post-harvest treatment. 
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11. The open air and the shade-tent increase the percentage of wet 
weight losses for the non-smoked fish during the post-harvest 
treatment Table (4.23).  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  38 
REFERENCES 
 
Abdullah, Nawal, A. (2001). Review of Recent Development .In Inland 
Fisheries. B.Sc. Qualifying Dissertation, Department of Zoology, 
University of Khartoum. pp 34. (unpublished). 
Abu Gideiri, Y.B. (1973). Fisheries in the Sudan.; present and future: 
Food and Nutrition in Sudan . 1st Nat. Fd. Seminar.pp. edited by 
Yousif Abu Gideiri, and others N.C.R, Khartoum; pp. 20 – 25. 
Abu Gideiri, Y.B.; Ali, M.T. ; and Mohammed ,Z.N. (1999). Post harvest 
Treatment of the Nile bulti, Orechromis niloticus. Department of 
Zoology ( U. of Khartoum)Research Series. No. 1.pp.52 
Addam, Ibtihag, H. (2002). Smoking impact on nutritive value of 
Eutropius niloticus from the Nile. B.Sc. (Honours). A dissertation, 
Department of Zoology, University of Khartoum.pp.18-26 
(unpublished). 
Ali, M .E ; Babiker ,S. A. and Tibin , I. M. (1996) .Body Characteristics, 
yield indices and proximate composition of commercial fish 
species of lake Nubia.In:FAO export consultation on fish 
technology in Africa,FAO Fisheries Report No.574 
AOAC (1984). Official methods of analysis. 11th edn. Asso. Ciation of 
official analytical chemists, Washington, DC. 
  38 
Astwood, E.B. (1955). Iodine In Nutrition. Orden's Rev. Nut. Res. 16 (4). 
pp. 56. 
Babiker, Nagwa, M. (1999). Studies on Post-harvest on Yield and 
Quality of Oreochromis niloticus. B.Sc.(Hons.). A dissertation, 
Department of the Zoology, University of Khartoum. p. 2.  
Baker, F.J. and Breach, M.R. (1980). Medical Microbiological 
Techniques. Butterworth & Co. page. 423 – 424. 
Cavsert, J.(1962) .Fish as source of mineral nutrition. In” Fish as food” 
.Eds.G.Borgstrom Gery Brogstrom, (1962), Vol. (11). pp.25-234. 
Clucas, I. J. and Sutcliffe, P.J. (1981). An Introduction to Fish Handling 
and processing. Tropical Products Institute. G 143. pp 85. 
Clucas, I.J. (1976). Zambia, present fish drying techniques in Zambia and 
suggested improvements. A report for the fisheries Develop-ment 
project. Rome, FAO, F1 /ZAW 73; 25. pp. 
Clucas, I.J. (1981). Fish Handing, preservation and processing in the 
Tropics. Tropical Product Institute.Part 1 .pp.33-49 
Collee, J.G.; Faser, A.G.; Marmion, B.P. and Simon, A. (1996). Mackie 
and McCartney. Practical Medica Microbiology. 14th edition. 
Longman, Singapore.pp.68-71 
Cutting, C.L. (1962). The influence of drying salting and smoking on the 
Nutritive value of fish. In: Fish Nutrition .Eds.Hean & Kreuzer, 
London.fishing News Book.pp.161-169. 
  38 
Department of fishery (1996) .Annual Report .Khartoum. 
Elhag, Intisar, T. (1999). Smoking Cure. B.Sc. (Hons). Dissertation, 
Department of Zoology, University of Khartoum. pp.33 
(unpublished). 
Essuman, K.M. (1992). Fermented Fish in Africa. A study on processing 
marketing and consumption. Pap. (329).pp.20. Rome. 
FAO(1976).The production of dried fish. FAO Fish .Tech.Pap.No. 
(160).PP.52 
FAO (1981). The prevention of losses in cured fish. FAO Fish. Tech. 
Pap. No. (219).pp.87. 
FAO (1986). Reviewer fisheries No. 262. pp. 204 – 205. 
FAO (1997).World aquaculture. Food and Agriculture Organization. 
Annual report, Rome.Ialy. 
FAO (1998). FAO fisheries Report NO. 574. pp 67 – 145. Rome. 
Foster, W.W. (1962). The physics of wood smoke in Fish as food. Eds. 
G. Borgstrom Gery Brogstrom, (1962), Vol. (3). pp. 56 – 73. 
Geiger, E. and Borgstrom, G. (1962). Fish protein-nutritive aspects. Chp. 
2. In Fish as food Vol. 2, G. Academic Press, New York, San 
Francisco, London. pp. 29 – 114. 
  38 
Gerasimov, V.G. and Antonova, T.M. (1979). Techno chemical contact 
in fish processing industry. Oxanian Press Pvt. Ltd, Faridabad, pp. 
58 – 59.  
Gvseret, J. (1962). Fish as source of mineral nutrition. In: fish food vol., 
11 pp. 205 – 234. (1962). Brogstrom, ed. Academic Press, New 
York, San Francisco, London. 
Huss, H.H. (1994). Assurance of Sea Food Quality. FAO Fisheries 
Technological Laboratory, Ministry of Fisheries, Denmark. pap. 
No (334).pp.37. 
Khalil, Asia O.(2003).Areview of Research on the Chemical 
Composition of Fish From Sudan.M.Sc.Qualifying 
Dissertation,Department of Zoology, University ofKhartoum.Pp3 
Karrar,A.M.(1997).Studies on the biochemical composition of fish and 
current grading. M.Sc. Dep. of  zoology, University of Khartoum. 
Khorana, M.L.; Sama, M.L.; Rao, P.S. and Giri, K.V. (1950). 
Investigations on the food value of fish and other marine products. The 
protein and minerals contents. Ind. J. Med. Res. pap. No ( 31). pp. 25 – 
27. 
Love, P.M. (1960). Water content of Gandus callovius L. Muscle Nature, 
185 – 692. 
Lunven, P. (1982). The role of fish in Human Nutrition, FAO food and 
nutrition. pap. No (2): pp. 9 - 18. 
  38 
Medani, Y.F. (1972). Fish, man and the environmental development, pp. 
272 – 280. 
Miles, A. A and Misra,S.S.(1938).The estimation of bactericidal power 
of the blood .Department of pathology, British post graduate 
medical school, London, England. Pap. No (38): pp.732-49. 
Moen, E. (1983). Cured fish: Market patterns and prospect. FAO Fish. 
Tech. Pap. No. (233). pp. 142. 
Mohmmed,Adiba,Z.(1999). Drying Cure (Oreochromis niloticus ) . B.Sc. 
(Hons). Dissertation, Department of Zoology, University of 
Khartoum. pp.33 
Nerquaye–Tetteh, G. A.( 1991). Triggerfish (Balistes spp) processing 
industry at elmina .Cited on FAO export consultation on fish 
technology in Africa.FAO fisheries report.Moracco, No.467.P.265-
268. 
Person, D. (1981). The chemical analysis of foods. Sixth edition. J and A. 
Churchill, 104 Gloucester Place, London, p. 123 – 125. 
Price, R. J. and Tom, p. (2006). Associate Department of Food Science 
&Technology, University Of California, Davis ,California 95616-
8598. 
Sandon, H. (1951). The problem of fisheries in area effected by the 
Equatorial Nile Project. Sudan Notes and Records, 32 (1): 5 – 36. 
  38 
Shewan, J.M. (1961). The microbiology of sea water fish. In fish as food, 
edited by G. Borgstron. New York, Academic Press, Vol. 1: 487 – 
560. 
Shewan, J.M. (1977). The bacteriology of fish and spiling fish and the 
biochemical changes induced by bacterial action. In proceeding of 
the conference on the handling, processing and marketing of 
tropical fish, held in London, 5 – 9 July 1976, London, Tropical 
Products Institute, pp. 51 – 66. 
Thuston, C.E. (1958). Sodium and potassium content of 34 species of 
fish. J. Am. Dietet Assoc. 34 (A), 396 – 400. 
Thuston, C.E.; Groninger, H.S. (1959). Composition changes in Puget 
Sound pink salmon during storage in ice and refrigerated brine, J. 
Agri. Food Chem. 7, 282 – 284. 
Waterman, J.J. (1976). The production of dried fish. FAO Fish. Tech. 
Pap. No. (160), A2P (issued also in French and Spain). 
Znnous, L.H. ; Zinou, J.F. (1991). Evaluation Disports A.U. Center De 
Fumage De Halcondji Eontonou, Benin. FAO. Fisheries Report 
No. (467). Supplement pp. 133 – 135. Rome. 
C 	)	 7  	 17	 )1996:( 	 %  
>	 J7	–    $  
 - 	   –  3&	 .  
Appendix 1 
 
Arginine broth medium was prepared by dissolving 5 g tryptone, 
5g yeast extract, 3 g arginine, 0.5g glucose, and 2g dipotassium hydrogen 
phosphate in one liter of distilled water.  
Appendix 2 
 
 To show the effect of the steel oven and salting on protein content 
of wet smoked fish. 
 Salted  Non salted 
 X1 = 29.40  X2 = 31.6 
 V1 = 1.22  V2 = 0.54 
 N1 = 3  N2 = 3 
SP2 = 0.44 
SE = 0.54 
  t  =  4.07 
 Significant different at 0.001 
 A model of calculation of the t-test. 
 
Appendix 3.1 
 
 To show the effect of the two type of drying on protein content of 
smoked and non-smoked fish. 
Replication 
Treatments 
1 2 3 
Total Mean 
±0.68 
Dunck
-un at 
5% 
Open- air smoked salted 21.60 22.20 22.00 65.80 21.93 a b c 
Open- air smoked non-salted 22.30 23.20 23.00 68.50 22.83 b c 
Open- air non-smoked 23.50 24.40 25.00 72.90 24.30 c d 
Shade-tent smoked non-salted 21.19 20.80 20.00 61.99 20.66 a 
Shade-tent smoked non salted 23.69 22.90 24.00 70.59 23.53 b c d 
Shade-tent non-smoked 26.40 23.20 25.00 74.06 24.87 d 
 414.38   
 
Analysis of variance: 
 Correction factor= 9539.49 
 Total sum of squares (TSS) = 44.53 
 Treatment sum of squares (Trss)= 36.23 
 Error sum of squares = TSS – Trss = 8.3 
Appendix 3.2 
ANOVA TABLE 
f-TAB Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Means of 
squares 
F-Cal= 
MS1/MS2 5% 1% 
Total 18-1=17 44.53 2.62    
Treatment 6-1=5 36.23 2.25    
Exp. Error 12 8.3 0.69 10.51** 3.11 5.06 
 
 ** Significant different 
Standard error = 0.68 
Least significant different LSD= 1.7 
Mean separation: 
 20.66     a 
 21.93     a   b   c  
 22.83          b   c 
 23.53          b   c   d 
 24.30                c   d 
 24.87                     d
Appendex.4 
 
Table (4.23): Summary   of the major components of the treated and non -treated samples. 
 
Treatments  Moisture Dry matter  Ash Protien Fat  N.F.E 
wet smoked salted WSS 70.91 29.09 5.19 29.40 7.63 28.68 
wet smoked nonsalted WSNS 67.60 32.40 6.04 31.60 7.53 22.43 
wet nonsmoked WNS 70.59 29.41 4.43 33.47 8.27 24.36 
open air dried smoked salted ODSS 5.98 94.02 3.87 20.66 5.47 63.95 
open air dried smoked nonsalted ODSNS 5.41 94.59 3.83 23.53 6.10 61.23 
open air dried nonsmoked ODNS 6.63 93.03 3.97 24.87 6.23 58.30 
shade tent dried smoked salted SHDSS 5.16 94.84 3.77 21.93 5.40 63.73 
shade tent driedsmoked nonsalted SHDSNS 6.02 93.98 3.60 22.83 5.90 61.64 
shade tentdried nonsmoked  SHDNS 4.82 95.18 3.77 24.30 6.00 61.11 
 
